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SUMMARY

A transonic and a supersonic flutter investigation of i/2-size

models of the all-movable canard surface of an expendable powered target

has been conducted in the Langley transonic blowdown tunnel and in the

Langley 9- by 18-inch supersonic aeroelasticity tunnel, respectively.

The transonic investigation covered a Mach number range from 0.7 to 1.3,

and the supersonic investigation was made at Mach numbers 1.3, 2.0,

and 2.55.

The effects on the flutter characteristics of the models of differ-

ent levels of stiffness and of free play in the pitch control linkage

were examined. The semlspanmodels, which were tested at an angle of

attack of 0 °, had pitch springs with the scaled design and 1/2 the scaled

design pitch stiffness and total free play in pitch ranging from 0o to 1°.

An additional model configuration which had a pitch spring 1/4 the scaled

design pitch stiffness and no free play in pitch was included in the

supersonic tests.

All model configurations investigated were flutter free up to

dynamic pressures 32 percent greater than those required for flight

throughout the Mach number range. Several model configurations were

tested to considerably higher dynamic pressures without obtaining

flutter at both transonic and supersonic speeds.
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Ih_2ROUJCTION

At the request of the Bureau of Naval Weapons,Department of the
Navy, a transonic and a supersonic flutter investigation of 1/2-slze
models of the all-movable canard surface of the BeechXKIP_B-1expendable
powered target has been conducted in the I_ngley transonic blowdown
tunnel and in the Langley 9- by 18-1nch supersonic aeroelasticity tunnel,
respectively. These flutter tests were n_Ldeto determine whether ade-
quate safety margins existed between the flight envelope of the vehicle
and the flutter boundaries of the canard surface and control system and
to investigate possible flutter problem areas. The transonic tests
covered a Mach number range from 0.7 to 1.3, and the supersonic tests

were made at Mach numbers 1.3, 2.0, and 2.5_.

The effects on the flutter characteristics of different levels of

stiffness and of free play in the pitch control linkage were examined.

In both investigations, 1/2-size semlspan models of the solid magnesium

canard surface were tested with pitch spr_ngs whic_ had the scaled design

and 1/2 the scaled design pitch stiffness and with total free play in

pitch ranging from 0° to 1°. The supersonic investigation also included

tests of a model with a pitch spring which had 1/4 the scaled design

pitch stiffness but with no free play in pitch. Presented herein are

the results of these investigations.

SYMBOLS

a

b

C

El

fi

g

speed of sound, ft/sec

model semlchord at 3/4 exposed-panel semlspan, (b = 0.114 ft)

model chord, ft

bending stiffness, lb-in. 2

natural bending frequency of model with no free play in

pitch, cps

frequency of ith natural vibration mode of model mounted to

a rigidly clamped block, cps

natural torsion frequency of model with no free play in

pitch, cps

structural damping coefficient
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C,J

Ix,Iy,Iz

M

q

X

x_

Y

ak

torsion stiffness, ib-in. 2

mass moments of inertia about X,Y,Z axes, respectively,
slug-ft

Mach number

dynamic pressure, ib/sq ft

longitud_nal coordinate measured fr_m leading edge of root

chord to model center of gravity, in.

coordinate measured positive rearward from pitch axis to

center of gravity, in.

spanwlse coordinate measured from leading edge of root

chord to model center of gravity, in.

coordinate axes

free-stream static air density, slugs/cu ft

mass ratio (ratio of mass of exposed panel of model to mass

of alr at free-stream density contained in a truncated

cone having the root chord of the model as base diameter,

the tip chord as upper diameter, and the span measured

along the panel pitch axis as height)

natural torsion frequency of model with no free play in
pitch, radians per sec

MODELS

Models Used in Transonic Tests

The transonic tests employed 1/2-size semispanmodels of the all-

movable canard surface of the expendable powered target. All models and

model mounting parts were furnlshedby the Beech Aircraft Corporation.

Six similarly constructed model panels, designated as models 1 to 6,

were used in the tests. The models were of the same type of construction

(solid cross section) and were made of the same material (magnesium

alloy) as the full-scale canard surface. A sketch and photographs of a

model are presented in figures 1 and 2, respectively, and the geometric

properties and measured mass properties of the models are presented in

tables I and II, respectively.
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In the tests each semispan model was mounted to a steel torque shaft

which was supported by ball bearings in a mounting block (fig. 2).

Attached to the torque shaft was a torque arm (figs. 2(b) and 2(c)),

which was restrained within the fuselage between two faces of a clamp-

type stop. The gaps in the stop could be adjusted to provide desired

amounts of free pla_ in pitch to the model. Torque shafts havin_ the

scaled design and 1/2 the scaled design pitch stiffness were provided.

The mass moments of inertia about the pitch axis of a typical torque

shaft and its attached parts are presented in table II. Since the torque

arm is attached to and moves with the torque shaft during any pitch move-

ment within the free-play limits of a model, the _ent of inertia of the

torque shaft with the torque arm attached iis also presented in table II.

Strain gages, used to indicate the occurrence of flutter and to measure

the flutter frequency, were externally mounted on the top and bottom
surfaces near the model root.

The bending and torsional stiffness distribution (El and GJ) along

the maximum thickness line (43-percent chcrd line) measured on models i

and _ are presented in figure 3. The maJ¢_r portion of the differences

between the stiffness distributions of the two models is believed to be

caused by the variations in model thickness within the tolerances allowed

in the model construction. The measured natural-vibration frequencies

and associated node lines of each model mounted to a rigidly clamped

block are presented in figure 4. The models were excited by means of an

acoustic shaker.

The support stiffnesses and free pla_ in the pitch, roll, and yaw

directions and the resonant frequencies azd node lines of the models

tested are presented in figure _. With the desired free play in pitch

set in the model, the resonant frequencies and node lines could not be

accurately measured; therefore, only the frequencies of the models with

no free play in pitch are presented in figure 5. Some unintentional

free play was present in the roll and yaw directions as indicated in

figure _. The stiffness in each directioz (fig. _) was obtained from

the slopes of the load-deflection curves n_easured for this direction.

The stiffnesses so measured for the pitch direction were repeatable

within _ percent or less; however, the stlffnesses in the roll and yaw

degree of freedom showed scatter up to _0 percent. It is believed that

the scatter in the measured stiffnesses iz the roll and yaw directions

may have been caused by a binding in the _earings or shifts in the aline-

ment of the bearings in the mounting bloc_. The addition of free play

in pitch produced no measurable effect on the pitch stiffnesses of the

models presented in figure 5.



Models Used in Supersonic Tests

The canard surface and su1_ort system are shown in figure 6 and

their properties are included in tables I, II, and III. The models were

essentially the same as those used in the transonic tests except that the

models were mounted on the tunnel sidewall as shown in figure 7. The

canard surface was supported by a steel shaft pivoted on two ball bearings

with a third ball bearing supporting the end of the torque spring. The

torque-spring clamp could be adjusted to control the free play. The ball

bearings used had about _0.0007-inch free play in translation. Because

of this free play in the bearing, the first natural vibration mode was

difficult to excite accurately. Strain gages were mounted on the torque
spring and at the root of the model.

TEST APPARATUS AND TECHNIQUE

Transonic Tests

The transonic tests were conducted in the Langley transonic blow-

down tunnel at Mach numbers from about O. 7 to i.3. The tunnel has a

slotted, octagonal test section which measures approximately 26 inches

between flats. This tunnel is particularly useful for flutter investi-

gations because Mach number and air density may be varied independently.

However, the Mach number does not uniquely define the velocity in the

test section since during the operation of the tunnel, as air in the

reservoir is expended, the stagnation temperature constantly decreases.

For each run (defined as one operation of the tunnel from valve

opening to valve closing) the mounting block with the semispan model

installed was fitted into a sting in such a way as to form a cylindrical

fuselage 3 inches in diameter. The fuselage sting extended upstream into

the subsonic flow region of the tunnel in order to prevent the formation

of bow shock waves. The sting and model weighed approximately 290 pounds,

and the system had a fundamental bending frequency of about l_ ops. A

sketch of a model mounted on the sting and installed in the tunnel is

shown in figure 8. The model with no free play in pitch was mounted at

an angle of attack of 0 °. With free play in pitch incorporated in the

model, the mean angular position of the model between the pitch stops

was set at an angle of attack of 0°. However, the flow angle varied

somewhat with the operating conditions of the tunnel so that the model

was not always trimmed for zero lift throughout a given run. In addi-

tion, the tunnel stream has a certain amount of turbulence, the level

of which is also a function of the tunnel operating conditions.

The technique employed in most runs was to increase the dynamic

pressure gradually until either flutter occurred or a d_c pressure
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32 percent greater than that required for sea-level flight _as reached.
In an effort to obtain flutter, several model configurations were tested

up to or near the maximum dynamic pressure available in the tunnel.
D_lng each run, the output of the strain gages on the model n the test-

section stagnation temperature, and the test-section s_tic_ and

static pressures were continuously recorded by means of a recording

oscillograph. Models used in more than one run were checked for struc-

tural damage by visual inspection_ and the models tested with no free

play in pitch were also checked by ccuparing the natural frequencies

measured in the tunnel before and after each run. As a check of the

structural integrity of a model tested with free pla_ in pitch, the

natural frequencies of the model in the no-free-pl_y coa_ditic_ were meas-
ured after the tests were completed and were compared with those measured

before the tests.

Supersonic Tests

The Langley 9- by 18-inch supersonic aeroelasticity tunnel is a

wind tunnel of the blowdowntype operatin_ frc_ahigh-pressure source

and exhausting into a vacuum chamber. The Mach number is fixed by nozzle

configuration, and for these tests Mach number 1.3, 2.0, and 2._ nozzles

were used. The useful running time wes about 3 seconds.

The model was mounted from the tunnel sidewall (fig. 7) and the

angle of attack was 0°. After the tunnel was closed, it was evacuated

to approximately 1/4 pound per square inc_ absolute. The pressure valve

was then opened gradually until either flutter occurred or the desired

dynamic pressure was reached, and then the valve wes closed quickly. A

high vacuum start was used to minimize the effect of the starting tran-

sient flow. In a typical tunnel test, the dynamic pressure is continu-

ously increased from a very low value (simulating a high altitude) to a

high value (simulating a low altitude). The tunnel stagnation pressure

and temperature and the outputs of the mo_l strain gages were recorded

on an oscillograph which operated continu¢_usly for the duration of a

tunnel run.

RESULTS AND DISCUSSION

Presentation of Results

The flight envelope of the target is shown in figure 9, along with

the approximate altitude and Mach number regions covered in the present

investigations. The results of the transonic and supersonic tests are

presented in table III and plots of the maximum dynamic pressure obtained



against Mach number are presented in figures i0 to 13. An altitude-

stiffness parameter _ is included in table III for reference
a

purposes.

Transonic Tests

The transonic results (figs. i0 and Ii) indicate that all model

configurations were flutter free to dynamic pressures at least 32percent

greater than those required for sea-level flight through the transonic

regime. Models having a pitch spring with the scaled design pitch stiff-

ness were tested to considerably higher dynamic pressures without obtaining

flutter (fig. i0). As an indication of the d_namic-pressure range covered

by the transonic investigation, the variation of d_rnamic pressure with the

Mach number during three typical runs in the transonic blowdown tunnel is

presented in figure 12. Also presented is the dynamic pressure variation

with Mach number for various altitudes in standard atmosphere (ref. i).

The model both with and without free play in pitch was statically

unstable in pitch throu_ the Mach number range. Therefore, at the

higher dynamic pressures, most of the model configurations remained at

one pitch attitude for long periods or for the entire run; this was

particularly true of models with free play in pitch. However, at the

low dynamic pressures, the airstreamturbulence was usually sufficient

to "kick" or move the model from a nose-up to a nose-downpitch attitude

or vice versa. A model was assumed to be adequately t_d (table III)

when the model alternated irregularly between a nose-up and nose-down

angle of attack at the low d_namic pressures of a run. When a model

flew constantly or predominantly at one pitch attitude for the entire

run, the angle of attack of the stingwas changed (the model retrimed)

in an effort to correct for this condition before the next run. Several

runs were aborted at low d_namic pressures when unusuall_ large deflec-

tions were observed. The model deflections in pitch at a Mach number

of 1.3 were noticeably less than those observed for the same dynamic

pressures at subsonic Mach numbers, indicating a re@uction in the static

moment about the pitch axis as the Mach number became supersonic.

In the course of the investigation, one panel was lost and two

torque shafts deformed permanently in twist during high dynamic pressure

runs at subsonic Mach numbers (table III, runs 2, 12, and 38) due to the

large static aerodynamic moments. These model failures occurred at

dynamic pressures much higher than those required for sea-level flight

at these Mach numbers.
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Supersonic Tests

No flutter was obtained during the supersonic tests (fig. 13) even

at domamic pressures well in excess of those encountered by the vehicle

in its supersonic flight envelope. During the tests with free pla_ in

pitch, the model always rested against a stop indicating that the static

pitching instability obtained in the transonic tests extended into the

supersonic speed regime. The model was remotely moved from one stop to

the other during runs with maximum free play and the very-low-amplitude

oscillations that resulted from the sudden stops decayed rapidly. Some

still-air damping tests were made on one model, and the results show

that the damping coefficient in the first natural torsion vibration mode

varied from a g = 0.04 at low amplitudes to a g = 0.14 at larger

amplitudes.

Interpretation of Results

The models used in the present investigations were of the same type

of construction and were made of the same material as the full-scale

canard surface, but were 1/2 of full size. For wings so constructed, at

a given mass ratio and Mach number, the flutter d_namlc pressure is

independent of wing size. Therefore, the flutter dynamic pressure for

the present model should be exactly equal to that for the full-scale

vehicle at the same _ and M.

Because the temperature is not a controllable factor in the blow-

down tunnels used for the present tests, at any given dynamic pressure

the mass ratio of the model in the tunnel w_s, in general, somewhat dif-

ferent from that of the full-scale target at the operating condition.

However, the dynamic pressures attained in the present tests far exceeded

the flutter margin requirements so that the effects of the differences

in the mass ratio are considered to be more than compensated for by the

margin in d_namic pressure. Some quantitative indication of the effects

of varying mass ratio may be found in reference 2.

CONCLUSIONS

A transonic and a supersonic flutter Investigation of i/2-size

models of the all-movable canard surface of the Beech XKI_B-I expendable

powered target has been made. The transonlc tests covered a Mach number

range from about 0.7 to 1.3, and the supersonic tests were made at Mach

numbers 1.3, 2.0, and 2.55. Models were iavestigatedwhichhad pitch

springs with the scaled design and 1/2 the scaled design pitch stiffness

and with free play in pitch ranging from 0o to I°. Investigated only

at supersonic Mach numbers was a model configuration having a pitch
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spring with 1/4 the scaled design pitch stiffness and with no free play

in pitch. The results of the investigations have indicated the following:

i. All model configurations investigated were flutter free to d_namlc

pressures 32 percent greater than those required for flight throughout

the Mach number range.

2. Several model configurations were tested to _Ach higher d_namic

pressures without obtaining flutter at both transonic and supersonic

speeds.

I_ey Research Center,

National Aeronautics and Space Administration,

Langley Air Force Base, Va., September I_, 1961.
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TABLE I.- GEOMETRIC PROPERTIES OF MOIELB

Airfoil:

Section ........................ Double wedge

MaxiwAm thickness, percent streamwise chord:

Root ............................ 3.7
Tip ............................. 4.6

Maximum thickness location _ leading edge at tip and root_

percent streamwise chord .................. 43

Aspect ratio, (Semispan)2/Area of semispan model:

Planform* .......................... i. 32

Exposed panel ......................... 1.11

Sweepback angle:

Quarter chord, deg ......................

Leading edge, deg .......................

Pitch axis, deg ........................

19
3O

Pitch-axis location, percent root chord (_treamwise) ...... 45

Taper ratio:

Planform* ........................... 0.29

Exposed panel ......................... 0.36

Chord, streamwise:

Center line of fuselage, f_ .................. 0._45

Root of exposed panel, ft ................... 0._33

Tip, ft ............................ 0.159

Dihedral, deg ........................... 0

Semi span:

Planform*, ft ......................... O. 461

Exposed panel, f_ ....................... 0.326

i

*_lanfol_m based on extension of model to fltselage-sti_ center
line.
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8,800

8,000

o EI_
Q GJ_ Model 1

OEI]

/kGJ_ Model 5

7,200

6,bOO

5,600

_,800

EI and 0_,
Ib-ln._

h,O00

),200

2,bOO
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800

\
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\

\
\
×o_

\
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\.
\

\

\
....,

o .I .z .5 .h .5 .6 .7 .8 .9 i.o
Dlstence from root alon_ maximum thickness line

Length of m_×imum thickness line

Figure 5.- Measured bending- and torsional-stiffness distribution along

maximum thickness line of models 1 and 5.
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Pitch axis

\
I
I
I

I

zt_

fl' °_

f_j. C'pe

_'_, _p,

Model mraber I

Figure 4.- Measured natural vibration frequencies and associated node

lines of models mounted to a rigidly clamped block.
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ii

--_Deflections measured here

for determining stiffnesses

Degree of

freedom

Pitch

Roll

Yaw

Stiffness,

ft-lb/radian

55.4 + i%

l,660 + 20%

914 -+5o%

Free play at

tip of model,
in.

None

O.006

•0o6

(a) Model 4; design scaled pitch stlffness_ no free play in pitch;

runs 1 and 2.

Figure 5.- Measured stiffnesses, free play, resonant frequencies, and

associated node lines of models used in transonic tests. The number

with each node line gives the associated frequency in cycles per
second.
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Pitch axis

/

L

for determining stlffnesses

Degree of

freedom

Pitch

Roll

Yaw

Stiffness,

ft-lb/radian

53.9 ± I%

1,66o ± 20%

914 ± 5o_

Free play at

tip of model,
in.

None

o.oo6

•oo6

(b) Model 6; design scaled pitch stlffl_ess; no free play in pitch;
run Ip.

Figure _.- Continued.
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Deflections measured here

for determinir_ stiffnesses

Degree of
freedom

Pitch

_iI

Yaw

Stiffness 3

ft-lb/radian

58.3 ± 7%

1,79o ± 7%

1;22o ± 4%

Free play at

tip of model,
in.

None

O.007

.OO8

(c) Model 2; design scaled pitch stiffness; tested with 0.86 ° free play

in pitch; runs 17 to 26. (Note: Frequencies and node lines are

presented for the model with no free play in pitch. When free play

in pitch was permitted in the model, frequencies and node lines

could not be measured accurately.)

Figure 7.- Continued.
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Pitch axis

/

_l_fleetions measured here

J'or determining stiffnesses

Degree of
freedom

Pitch

Roll

Yaw

Stiffness,

ft-lb/radian

28.3 -+2%

1,750 -+2%

2,520 -+12%

Free play at

tip of model,
in.

NO ne

O.OlO

.010

(d) Model 3; 1/2 design scaled pitch stiffness; no free play in pitch;

runs 3 to II, 13 and 14.

Figure 5-- Continued.
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#

!

_ _= 347(l

e __ Deflections measured here

for determining stiffnesses

Degree of

freedom

Pitch

Roll

Yaw

Stiffness,

ft-lb/radian

Free play at

tip of model,
in.

None

o.009

Not measured

(e) Model 5; 1/2 design scaled pitch stiffness; tested with 0.52 ° free

play in pitch; runs 27 to 31. (Note: Frequencies and node lines

are presented for the model with no free play in pitch. When free

play in pitch was permitted in the model, frequencies and node lines

could not be measured accurately.)

Figure 9.- Continued.
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Pitch axis

Deflections measured here

for determining stiffnesses

Degree of

freedom

Pitch

Yaw

Stiffness,

ft-lb/radian

27.2+ 1%

1,53o ± 5%

Free play at

tip c)f model,
in.

None

o.007

Not measured

(f) Model i) 1/2 design scaled pitch stif1'ness) tested with 1.06 ° free

play in pitch; runs 32 to 38. (Note: Frequencies and node lines

are presented for the model with no free play in pitch. When free

play in pltchwas permitted in the model, frequencies and node lines

could not be measured accurately.)

Figure 5.- Concluded.
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(b) Assembly.

Figure 6.- Concluded.
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(b) Model with 0.86 ° free play in pitch.

Figure lO.- Maximum dynamic pressure obtaisedwithout flutter at various

Mach numbers for models having scaled design pitch stiffness.
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(c) Model with 1.09 ° free play in pitch.

Figure ii.- Maximum dynamic pressure obtained without flutter at various

Mach numbers for model with 1/2 scaled design pitch stiffness.



34

5,600

h,800

O Maxlmtu_ dynamic oressure obtained during run

I i I I
.... Typical operating paths

Standard altitude curves

i I I

4_

I

_D
H

Q

c_

O

2,000

3,200

2,!_00

1,600

K Run

/
/

_I0, _

I
Run

25 I
I

1

I

Run 26 _i I
J s_

j I J /

, / / , /
!

f_ au

0

-7 ,8 -9 i.O ] .1 1.2 1.3 1.4

r_ach number, M

Figure 12.- Variation of dynamic pressure with Mach number during three
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ABSTRACT

The experimental investigations covered a Mach number range from

0.7 to 2.99. The semispan models were tested at 0° angle of attack with

three pitch spring stiffnesses and with free play in pitch ranging from

0° to 1°. All model configurations investigated were flutter free to

dynamic pressures 32 percent greater than those required for flight

1 I- throughout the Mach number range. No flutter could be obtained although

several model configurations were tested to considerably higher dynamic
pressures.




